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Abstract 
The paper deals with the numerical solution of acoustic wave propagation plane problem. Being formed by sound source in a 
high-pressure chamber, the acoustic wave propagates through a deformable thin plate, which radiates the sound wave in a low-
pressure chamber. The considered problem represents the mathematical modelling of the experimental setup used to find sound-
insulating properties of thin-walled structures realized by the method of adjacent reverberation chambers in acoustic test 
laboratories. Based on two dimensional approximation of wave equations, two problem schemes are introduced.  These problems 
differ in terms of sound source specification in the high-pressure chamber. Present study shows that both of the considered 
problems lead to virtually same results when determining the plate’s sound reduction index. The results of theoretical and 
experimental investigations are compared. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the Dynamics and Vibroacoustics of Machines (DVM2014). 
Keywords: Deformable plate; Kirchhoff-Love model; sound-insulation; wave equation; numerical method; experimental and theoretical 
investigation 
1. Introduction 
Over the past decade the problems of noise reduction in the aviation industry have led to the uprise of a new 
scientific field – aviation acoustics: it is associated with the acoustics of aircrafts and includes aero-acoustics and 
structural acoustics [1, 2 et al.]. The latter constitutes a trend at the junction of acoustics and dynamics of elastic 
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systems and studies the mechanisms of sound propagation in aircraft structures, sound radiation of these structures, 
etc. [2]. The literature covering the study of these issues is extensive enough [3-10, etc.]. 
It should be noted that in mechanics there were conducted the extensive investigations related to the study of 
stationary and nonstationary interaction of acoustic waves with deformable bodies and thin-walled structural 
elements. Up to the present, the issues of aerohydroelasticity of shell structures have been described in a number of 
monographs and literature reviews [11-12 etc.]. However, these papers did not consider the questions of sound 
waves formation and theoretical study of sound insulation and sound absorption by various deformable bodies. 
These issues are currently overlooked by researchers, although all handbooks, devoted to the problem of various 
multi-layer structures formation, point out their good sound insulation and sound absorption properties [3,15 etc.]. In 
practice, these properties have been determined mainly by means of experimental techniques; it is also connected 
with the fact that theoretical studies of these properties are based on simplified equations of mechanics of multilayer 
structures. 
Experimental studies of sound-insulating properties of thin-walled structural elements, which are regulated in 
accordance with standards (GOST R ISO 10140-1-20121 and SNIP 23-03-20032 in the Russian Federation), are 
carried out in acoustic testing laboratories, consisting of two adjacent high- and low-pressure chambers. A specimen 
is mounted into the aperture between two chambers. In the high-pressure chamber a simple harmonic sound wave is 
formed. It interacts with the specimen and causes the continuous steady oscillation which forms emitted sound 
waves in the low-pressure chamber. Sound insulation properties of the specimen are characterized by differential 
pressure between the chambers. The paper [16] considers two schemes of theoretical investigation of the 
corresponding problem, which differ in the way of sound wave formation in the high-pressure chamber. This study is 
carried out as the first approximation and it is suitable only for a qualitative investigation of the process. The 
unknown quantity in the problem is expressed as Fourier series with the retaining of zero harmonics.  
The following investigation develops the results of the above mentioned paper [16] and suggests a numerical 
method for solving the plane problem of sound wave transition through the deformable plate disposed between two 
chambers. The problem solution is also considered in two schemes. Theoretical results are compared with 
experimental results. 
 
Nomenclature 
c sound speed 
B  width of a chamber 
D  flexural stiffness 
E  modulus of elasticity 
i  imaginary unit 
f  frequency 
[J]  integration matrix 
h  step of mesh 
l length of a chamber 
T  reverberation time 
t  thickness of a plate 
p  sound pressure 
Rp  sound reduction index 
Vx , Vz components of sound wave velocity vector components  
w  deflection of a plate 
x,z  orthogonal coordinates 
δ logarithmic vibration decrement 
 
 
1 State Standard. 
2 Building regulations. 
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ν Poisson ratio 
)   velocity potential 
ρ  density of acoustic media 
ρpl  density of a plate 
ω angular frequency  
 
2. Problem setup and numerical method used for its solution (the first scheme) 
Consider the rectangular domain :  on the plane 0x z , bounded by the coordinate lines 
12, 2,x B x B z l      and 2z l  (Fig. 1) and divided into two subdomains 1:  (chamber "1"), 2:  (chamber 
"2") by a deformable body of thickness t . The body thickness of which can be variable, is located along the 
coordinate line 0z  . We assume that two subdomains 1:  and 2:  are filled with acoustic media with densities 
1 2,U U  and sound speed 1 2,c c . The wall 1z l  creates harmonic oscillations in accordance with the law iU Ue ZW  
( 1i    – imaginary unit, U – the amplitude of displacement, Z – the oscillation frequency, W – time). Therefore, 
in the subdomains 1:  and 2:  the sound waves are formed, which, in the plane approximation, are described by the 
following wave equations for the velocity potentials 1) , 2) : 
2 2 2
2 2 2 2
1 , , z ; 1,2.k k k
k
x k
x z c W
w ) w ) w )  :  w w w    (1) 
Sound pressures kp  and velocities of acoustic media ,
k k
x zV V  are determined via the functions k)  as follows: 
, , ; 1,2.k kk k kk k x zp V V kx z
U W
w) w) w)     w w w  (2) 
The problem under consideration is symmetrical with respect to axis z . Therefore, to reduce its order along the 
line 0x   the following symmetry conditions are used: 
> @0 : , 2, 2, ; 1,2.k kx xx x B B k )  )      (3) 
In addition to this, the boundary conditions are to be added 
2 : 0; 1,2,kx B k
x
w)   w
 
 (4) 
1
1 : ,
Uz l
z W
w) w   w w  
 (5) 
2
2 : 0,z l z
w)  w  
 (6) 
as well as velocity equality conditions for plate and acoustic media motions along the line 0z   
1 2, .w w
z zW W
w) w)w w  w w w w  
 (7) 
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Fig. 1. Computational model scheme. 
By virtue of our assumptions, we may represent the solutions of Eqs. (1) in the form  , ik k x z e ZW)  ) . Instead 
of Eq. (1) we obtain  
2 2
2
2 2 0, ; 1,2
k k
k k k
kcx z
ZN N Nw ) w )  )    w w   (8) 
with the boundary conditions (3) – (7), having the following form: 
> @0 : , 2, 2, ; 1,2,k kx xx x B B k )  )     
 
(9) 
2 : 0; 1,2,kx B k
x
w)   w  
 (10) 
1
1 : ,z l i Uz
Zw)   w  
 (11) 
2
2 : 0,z l z
w)  w  
 (12) 
0z  : 1 2, .i w i w
z z
Z Zw) w)  w w  
 (13) 
In the direction of axis x  we introduce the finite difference mesh sx x  ( 0, 1s N  ) with even step h  and 
boundaries 1 0x  , 2Nx B . In addition, we introduce mesh functions and their derivatives 
    2 22 2, , , ,
s s
s s
s k k k k
k k s
x x x x
d d
z x x z
dz z dz z  
) w) ) w ))  )    w w  (14) 
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as well as the finite difference approximation of derivatives 
1 1 2 1 1
2 2
2
, .
2
s s
s s s s s
k k k k k k k
x x x x
x h x h
   
  
w) ) ) w ) )  ) )  w w
 
(15) 
Due to Eqs. (14) and (15), boundary conditions (9) – (10) take the form  
0 2 1 1, .N Nk k k k
 )  ) )  )  
 
(16) 
From Eq. (8) we come to the systems of ordinary differential equations of lines method:  
 
 
 
2 1
2 1 2 1
2 2
2
1 1 2
2 2
2
1 2
2 2
2 0,
1 2 0; 2, 1,
2 0.
k
k k k k
s
s s s sk
k k k k k
N
N N Nk
k k k k
d
dz h
d
s N
dz h
d
dz h
N
N
N
 

)  ) )  )  
)  )  ) )  )   
)  ) )  )  
 
(17) 
Using the notation for the constants of integration ,0
0
, 1,s sk kz s N )  )   ,  the equalities to calculate the mesh 
functions  s z)  take the form: 
  ,0
0
, 1, .
z s
s s k
k k
dz d s N
dz
[))  )   ³
  
(18) 
 By integrating equations (17) from z  to z l ( 1l l   in case 1k  , 2l l in case 2k  ), meeting boundary 
conditions (11) - (12) and using equations (18), we obtain the system of N order integral-algebraic equations  
 
in case of chamber «1»: 
   
 
 
1 1
1 1
1 2 1
1 2,0 2 2 1,01 1 1
1 1 1 1 12 2 2 2
0 0
1
1 1,0 21 1 1
1 12 2 2
0 0
2
1 1
22 2 2 ,
1 2
 
l lz z
z z
l lz zs s s
s
z z
l zd d dd d d d l z i U
dz dz dzh h h h
l zd d dd d d d
dz dz dzh h h
l z
[ ] N [ ] N Z
[ ] N [ ]
N
 
 

) ) )§ · § ·   )      )  ¨ ¸ ¨ ¸© ¹ © ¹
) ) )§ ·   )   ¨ ¸© ¹
 
³ ³ ³ ³
³ ³ ³ ³
 
 
 
1
1 1
1
1,0 1,01
1 12 2 2
0
1
1 1,0 21 1 1
1 12 2 2
0 0
2 ,0
1 1 12
2 1 ; 2, 1,
22 2
2 ,
l z s
s s
z
l lz zN N N
N
z z
N
l zd d d i U s N
dzh h h
l zd d dd d d d
dz dz dzh h h
l z i U
h
[ ] Z
[ ] N [ ]
N Z
 

 

)§ · )   )    ¨ ¸© ¹
) ) )§ ·   )   ¨ ¸© ¹
§ ·   )  ¨ ¸© ¹
³ ³
³ ³ ³ ³
 
(19) 
in case of chamber «2»: 
   2 21 2 12 2,0 2 2 1,02 2 22 2 2 2 22 2 2 2
0 0
22 2 2 0,
l lz z
z z
l zd d dd d d d l z
dz dz dzh h h h
[ ] N [ ] N) ) )§ · § ·   )      )  ¨ ¸ ¨ ¸© ¹ © ¹³ ³ ³ ³  (20) 
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2 2
2
2
1
2 1,0 22 2 2
2 22 2 2
0 0
1
22 ,0 1,02
2 2 2 22 2 2
0
1
2 12 2
22 2
0
1 2
2 1 0; 2, 1,
22
l lz zs s s
s
z z
l z s
s s
z
l zN N
N
z
l zd d dd d d d
dz dz dzh h h
l zdl z d d s N
dzh h h
l zd d d d
dz dzh h
[ ] N [ ]
N [ ]
[ ]






) ) )§ ·   )   ¨ ¸© ¹
)§ ·   )   )   ¨ ¸© ¹
) )   )
³ ³ ³ ³
³ ³
³ ³  2,0 2 2 ,022 2 2 22 2
0
2 2 0.
l z N
N
z
d d d l z
dzh h
N [ ] N)§ · § ·     )  ¨ ¸ ¨ ¸© ¹ © ¹³ ³
 
 
where unknown are quantities skd dz)  and ,0 , 1,sk s N)  .  
In the direction of axis z  we introduce the mesh k' for each chamber, where ^ `: 1,..., ,...,k kj M' . In addition, 
we consider the vector of unknowns ^ `skd dz)  and integration matrixes [17,18] 1 2,k kJ Jª º ª º¬ ¼ ¬ ¼  which are analogues 
of integral operators: 
       1 2
0
, .
z l
k k
z
I d I d[ [     ³ ³
  
(21) 
As a result, instead of Eqs. (19), (20) we obtain the system of algebraic equations of the following form 
 
in case of chamber «1»: 
> @^ ` > @^ ` ^ ` ^ ` ^ `
> @^ ` > @^ ` > @^ ` ^ ` ^ ` ^ ` ^ `
> @^ ` > @^ ` ^ ` ^ ` ^ `
1 2 1,0 2,0
1 1 1 1 1 1 1 1
1 1 1,0 ,0 1,0
1 1 1 1 1 1 1 1 1 1 1 1
1 1,0 ,0
1 1 1 1 1 1 1 1
2 2 ,
,
2 2 ,
s s s s s s
N N N N
A d B d C D i E U
B d A d B d D C D i E U
B d A d D C i E U
Z
Z
Z
   
 
)  )  )  )  
)  )  )  )  )  )  
)  )  )  )    
(22) 
in case of chamber «2»: 
> @^ ` > @^ ` ^ ` ^ ` ^ `
> @^ ` > @^ ` > @^ ` ^ ` ^ ` ^ ` ^ `
> @^ ` > @^ ` ^ ` ^ ` ^ `
1 2 1,0 2,0
2 2 2 2 2 2 2 2
1 1 1,0 ,0 1,0
2 2 2 2 2 2 2 2 2 2 2 2
1 1,0 ,0
2 2 2 2 2 2 2 2
2 2 0 ,
0 ,
2 2 0 ,
s s s s s s
N N N N
A d B d C D
B d A d B d D C D
B d A d D C
   
 
)  )  )  )  
)  )  )  )  )  )  
)  )  )  )   
(23) 
where 
> @ > @  
> @ > @  
^ ` ^ ` ^ `  ^ ` ^ ` ^ `  
^ ` ^ ` ^ `  ^ `  
2 2 1
2
2 1
2
2
2
2
2 Ε , ,
1 ; , ,
2 ; , , 1, ,
1 ; 1, .
k k k k k k k
k k k k k k
k k k k k k
k k k k k
A J J A R M M
h
B J J B R M M
h
C l E Z C E Z R M
h
D l E Z D R M
h
N
N
§ · ª º ª º    ¨ ¸ ¬ ¼ ¬ ¼© ¹
ª º ª º ¬ ¼ ¬ ¼
§ ·   ¨ ¸© ¹
  
ª ¼
 
(24) 
In Eq. (24) ^ `E  and Εª ¼  are a unit vector and identity matrix, respectively. 
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In order to enclose the system of Eqs. (22), (23), it is necessary to add the equation of motion for the plate and 
equality conditions (13). For the description of the dynamic deformation process of the plate, we use the classical 
Kirchhoff–Love model: 
2 4 4 4
2 2 2 2
2 4 2 2 40, 2 .pl
wD w t q
x x y y
U W
w w w w         w w w w w
 
(25) 
where plU  is density of plate material, t  – thickness of the plate 
Viscoelastic properties of plate material are considered according to the Kelvin-Voigt model. In accordance with 
this model, flexural stiffness D is determined by means of the formula: 
 
3
2
1 ,
12 1
EtD GSZ WQ
w§ · ¨ ¸w © ¹   
(26) 
where E is modulus of elasticity, Q  is Poisson ratio and  G  is logarithmic decrement. 
In Eq. (25) surface load q , caused by interaction of the plate with surrounding acoustic media, is determined 
according to the formula: 
0 0
1 2 ,q p p 
  
(27) 
where 0 01 1 2 20 0,z zp p p p    . 
After the representation of the solution of Eq. (25) in the form of iw we ZW , we obtain the Eq. in the case of 
plane approximation as follow:  
 
4
2 0 0
1 24 0
3
2
( ) 0, 1 .
12 1pl z
d wD t w p p
d
EtD
x
iG
SU Z Q      
§ ·¨ ¸ © ¹  
(28) 
The solution of the Eq. (28) have to satisfy with the symmetry conditions along the line 0x   
> @, 2, 2x xw w x B B     
 
(29) 
and support boundary conditions along the line 2x B  
0, 0.dww
dx
  
  
(30) 
In order to obtain their algebraic analogue we use the finite difference approximation of derivatives: 
4
1 1 2 1 1 2
4 4
4 6 4
, .
2
s s
s s s s s s s
x x x x
w w w w w w wdw d w
dx h dx h
     
  
      
 
(31) 
Then, the conditions (29), (30) have the following form: 
2 0 3 1 1 1, , , 0.N N Nw w w w w w w       
 
(32) 
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As a consequence, Eq. (28) is converted into the system of difference equations: 
 
 
 
 
2 0,1 0,11
1 2 3 1 1 24
2 0,2 0,22
1 2 3 4 2 1 24
2 0, 0,
2 1 1 2 1 24
21
3 2 1 14
6 8 2 0,
4 7 4 0,
4 6 4 0,
4 7
pl
pl
s ss
s s s s s pl s
N
N N N pl N
D w w w t w p p
h
D w w w w t w p p
h
D w w w w w t w p p
h
D w w w t w p
h
U Z
U Z
U Z
U Z
   

   
      
        
        
    0, 1 0, 11 2
0
0,
.
N N
Nw
p   
 
 
(33) 
According to velocity equality conditions for plate and acoustic media motions (13), the following correlations 
take place:  
1 2, .i iw w
z zZ Z
w) w)   w w              
 
(34) 
By analogy, correlation (2) takes the form:  
0, 0, 0, 0,
1 1 1 2 2 2, .
s s s sp i p iUZ U Z  )   )  
 
(35) 
By putting the Eq. (33) for the s-section under the conditions (34), (35), we obtain  
 
2 1 1 2
2 ,0 ,01 1 1 1 1 1
1 1 2 24
00
2 1 1 2
2 ,02 2 2 2 2 2
1 1 24
00
4 6 4 0,
4 6 4
s s s s s s
s ss
pl
zz
s s s s s s
ss
pl
zz
D d d d d d dt
dz dz dz dz dz dzh
D d d d d d dt
dz dz dz dz dz dzh
U Z U Z U ZZ
U Z U Z UZ
   
  
   
  
§ ·) ) ) ) ) )      )  )  ¨ ¸© ¹
§ ·) ) ) ) ) )      ) ¨ ¸© ¹
,0
2 0.
sZ)   
(36) 
Eq. (33) for the 1st, 2nd and (N-1) sections is written by analogy. Eq. (33) for N-section takes the following form: 
1 2
0 0
0, 0.
N N
z z
d d
dz dz  
) )  
  
(37) 
3. The second scheme of the problem 
In compliance with the second scheme, it is considered that in the chamber «1»,  bounded by the coordinate lines 
2x B r , 1z l  , 0z  , the incident sound wave directed at the plate is formed. The wave is described by the 
following wave equations for the velocity potentials *) : 
2 2 2
* * *
12 2 2 2
1
1 , 2 2, 0 .B x B z l
x z c W
w ) w ) w )   d d t t w w w
 
(38) 
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Sound pressure *p  and the velocity vector components of the incident sound wave 
* *,x zV V  are determined via the functions *)  as follows: 
* ** * *
* 1 , , .x zp V Vx z
U W
w) w) w)    w w w
  
(39) 
The wave interacts with the plate and forms reflected sound waves with velocity potential 1)  in the first chamber and emitted sound waves with velocity potential 2)  in the second chamber. Velocity potentials 1)  and 
2) are described by Eqs. (1). Along the line 0z   the velocity equality conditions for plate and acoustic media 
motions are obtained 
* 1 2
0 0
( ) , .z z zz z
w wV V VW W  
w w
w w    
  
(40) 
Along the lines 1z l   and 2z l  the conditions
1
* 0z z lV    , 1
1 0z z lV     and 2
2 0z z lV    are formed respectively. 
The motion equation of the plate is written as follows: 
4
2 0 0 0
* 1 24 0
( ) 0.pl z
d wD t w p p p
dx
U Z       
  
(41) 
The algorithm, used for the numerical solution of the second problem scheme, is analogous to the algorithm, 
described in the first problem scheme. 
 
4. The analysis of experimental and numerical investigation results 
For the purpose of the quantitative and qualitative analysis of the above given theoretical solutions to the 
considered problem, the experimental studies have been carried out to determine the parameters of the sound 
insulation of the flat plate made of low carbon steel having the thickness of 3t   mm, length of 480a   mm and 
width of 560b  mm. Tests were carried out in the acoustic laboratory that meets the requirements of GOST R ISO 
10140-5-2012. It comprises two adjacent high- and low-pressure chambers (HPC and LPC), as well as the 
measurement and control units of transmitting and receiving systems. A specimen is mounted into the aperture 
between the chambers (see Fig. 2b). The chambers have the following values of the areas S  and volumes V : 
13S  m2, 35V  m3 (HPC) and 11S  m2, 31V  m3 (LPC). The value of indirect sound transfer and side tones 
penetration in the chambers complies with the requirements of the standard. 
 
 
Fig.2 Acoustic laboratory scheme (a); specimen attachment into the aperture (b). 
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The investigation contains of the pressure measurement in the laboratory chambers and the comparison of 
average sound pressure levels. The measurement is performed within one-third octave bands f  (Hz): 50, 63, 80, 
100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1000, 1250, 1600, 2000, 2500, and 3150. On the basis of this 
investigation the calculation of sound reduction index pR  
is carried out via the formula 
 1 2 2, 10 lg ,p p pR L L R R S A  ' '  
  
(42) 
where 1 2,m mL L  – average sound pressure level in HPC and LPC (dB), respectively;  S – the area of specimen surface 
(m2);  А2 – the equivalent area of sound absorption in LPC (m2).  
Average sound pressure levels Lk are obtained via the formula 
0.1
1
110 lg 10 , 1,2,j
n
L
k
j
L k
n  
§ ·  ¨ ¸© ¹¦   (43) 
where Lj – sound pressure level in  j-point;  n – the number of measurement points.  
The equivalent area of sound absorption in LPC А2 is determined via the formula 
2
2
2
0.16 ,VA
T
 
  
(44) 
where Т2 – reverberation time (s); V2 – volume of LPC (m3); 0.16 – empirical coefficient (s/m). 
Eqs. (42) and (44) indicate that experimentally determined index pR  depends not only on measured sound 
pressure levels in both chambers, but also on reverberation time in LPC. Considering numerical calculation, instead 
of pR  sound reduction index ptR  
is determined via the formula: 
1 2.ptR L L 
  
(45) 
Sound reduction index ptR depends only on sound pressure levels kL  in the corresponding chambers: 
2 2
010 lg( ),k kL p p 
  
(46) 
where kp  – effective sound pressure level in each of the chambers; 0p  – threshold sound pressure level in the air     
( 50 2 10p
  Pa). 
Due to Eq. (46), Eq. (45) takes the form 
2 120 lg( ).ptR p p 
  
(47) 
Comparison of Eqs. (42) and (47) indicates the need for the determination of reverberation time in LPC, which is 
necessary for pR' calculation, besides sound reduction index. It provides the objective comparison of theoretical 
and experimental investigation results. 
Table 1 reflects parameter values, obtained as a result of the series of specimen tests carried out in different 
temperature conditions. The investigation was held with microphones placed regularly within the volume of the 
chambers (see Fig. 2a). Index (2)pR  is an experimental analogue of index ptR  in its physical meaning, which is 
obtained via the formula: 
(2) .p p pR R R '
  
(48) 
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      Table 1. Experimental parameters values. 
f , Hz 2T , s pdR , dB pR , dB 
(2)
pR , dB 
50 1.2 -10.7 43.1 53.8 
63 1.23 -10.6 38.9 49.5 
80 0.96 -11.7 37.6 49.3 
100 0.59 -14 33 47 
125 0.72 -13.1 20.1 33.2 
160 0.9 -12.1 17.2 29.3 
200 0.61 -13.8 8.9 22.7 
250 0.95 -11.9 18.1 30 
315 0.98 -11.8 20.1 31.9 
400 0.65 -13.6 19.4 33 
500 0.52 -14.5 24.2 38.7 
630 0.54 -14.3 25.9 40.2 
800 0.12 -20.8 22.2 43 
1000 0.09 -21.9 23.4 45.3 
1250 0.13 -20.6 27 47.6 
1600 0.05 -24.8 25.7 50.5 
2000 0.04 -25.8 26.1 51.9 
2500 0.04 -25.8 28 53.8 
3150 0.02 -27.9 24.7 52.6 
On the basis of the above mentioned numerical methods, theoretical calculation is carried out for the steel plate 
with the following parameters: 200E  GPa, 0.3Q  , 7800nU   kg/m3, 0.56a  m, 0.003t  m. It is considered 
that the plate is surrounded by the air with the following parameters: 1 2 331c c   m/s, 1 2 1.293U U   kg/m3. 
Fig. 3 demonstrates the results of the obtained numerical solutions for the formulated problems, as well as their 
comparison with the results of the physical experiment. 
 
Fig.3. Comparison of experimental and numerical sound reduction indexes: 
 –––– Rp(2); -∙-∙- Rp; ∙∙∙∙∙∙ Rpt (1st scheme); ----- Rpt (2nd scheme). 
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As it is seen from the graphs, both of the problem schemes lead to virtually same results. The impact of 
parameter pR'  on parameter 
(2)
pR  
is very significant (especially at frequencies 200f !  Hz). 
The second part of experimental investigations were conducted to determine sound pressure distribution law in 
LPC at the points of the horizontal plane, passing through the specimen centre. The investigation was held with 
microphones placed by-turn in 25 different points in LPC, whereas microphones in HPC were invariably placed 
nearby the specimen. As a result, experimental dependence (2) ( , )pR x z  was obtained, as well as the theoretical value 
of parameter 2 1( , ) 20lg( ( , ) )
av
ptR x z p x z p  , where 1avp  - average sound pressure value in HPC. The character of 
the curves in the first and second schemes is almost identical: there are only minor differences in the frequencies 
1000f !  Hz.  
Figs. 4 and 5 indicate experimental dependences (2) ( , )pR x z  and analogous data from numerical solution of the 
problem in its first scheme, for frequencies 160f  Hz and 315f  Hz, respectively.  
 
 
Fig.4. Sound pressure distribution law in LPC when frequency f=160: (a) experimental data; (b) numerical data. 
 
Fig.5. Sound pressure distribution law in LPC when frequency f=315: (a) experimental data; (b) numerical data. 
Results reflected in Figs. 4–5 point at a rather intricate sound pressure distribution law in LPC. 
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5. Conclusions 
The results of the carried out investigations indicate that formulated above problems, aimed at the theoretical 
determination of plate's sound reduction index, lead to almost identical results over the range of the incident sound 
wave's frequency. These theoretical results are close enough to the experimental results at the frequency of 100f !  
Hz, if we compare the values ptR  and 
(2)
pR . The theoretical determination of parameter pR , which corresponds to 
the existing standards of experimental investigations, requires the elaboration of the theoretical method for the 
determination of parameter pR' . 
It should be noticed, that the conduct of physical experiments, aiming at the determination of the sound reduction 
index of thin-walled structures (shells and plates), leads to a significant dispersion of measured sound pressure, 
which depends on the location of sound level meters in the acoustic laboratory chambers. Therefore, in order to 
improve these experiments, we propose to increase the quantity of disposition points of sound level meters. In order 
to improve the accuracy of the theoretical determination of the sound reduction index of the corresponding 
mathematical modelling problem, it is convenient to carry out the problem scheme by means of two-dimensional 
Eqs. of thin-walled structures theory and three-dimensional wave Eqs. 
It is determined that the influence of the internal damping of rigid structures on sound-insulating properties is 
insignificant. 
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